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Delayed puberty in males with chronic renal failure. The effects
of chronic renal failure on the pituitary-testicular axis of 31
males, aged 11.7 to 20.0 yr (mean, 16.0 yr) were studied. Nine pa-
tients not on hemodialysis (group I) had serum creatinines be-
tween 2.5 and 8.0 mg/dl, 10 patients were on hemodialysis (group
II) and 12 patients had received a renal transplant (group III).
The Tanner stage of pubertal development was delayed relative
to chronologic age. Testosterone (T), 1s4-androstenedione (4),
and urinary 17-keto steroids were normal when related to puber-
tal stage in groups I and II; and dehydroepiandrosterone
(DFIEA) and DHEA sulfate (DS) were in the low normal range.
In group III, adrenal androgens (M, DHEA, DS) were decreased
as a consequence of prednisone therapy whereas T was normal.
Luteinizing hormone levels were normal in all. Follicle-stimulat-
ing hormone (FSH) was significantly increased in groups I and II.
In group 111, FSH was normal in 6 of 9 patients with serum
creatinine concentrations <2 mgldl. FSH levels were uniformly
elevated in Tanner I-V patients with creatinines >2 mg/dl. The
data shows that FSH is elevated in patients with chronic renal
failure even in prepuberty and early adolescence. This may re-
flect damage to germinal epithelium prior to the advent of sper-
matogenesis, whereas Leydig cell function appears to remain in-
tact.
Puberte retardée chez des garcons atteints d'insuffisance réuale
chronique. L'effet de I'insuffisance rénale chronique sur I'axe
hypophysotesticulaire a été étudié chez 31 garcons âgés de 11,7
a 20,0 ans (i 16,0 ans). Neuf malades non soumis a l'hemo-
dialyse (groupe I) avaient des créatininémies comprises entre
2,5 et 8,0 mgldl, 10 malades étaient en hémodialyse (groupe
II), et 12 malades avaient recu une greffe renal (groupe III).
L'état de développement pubertaire selon Tanner était retardé
par rapport a l'âge chronologique. La testosterone (T), Ia 4-
androsténedione (4), et les 17 cétostéroIdes urinaires étaient
normaux par rapport au stade pubertaire dans les groupes I et II
alores que Ia dehydroepiandrosterone (DHEA) et le sulfate de
DHEA (DS) étaient dans Ia zone basse des valeurs normales.
Dans le groupe III les androgènes surrénaliens (M, DHEA, DS)
étaient diminués, a cause du traitement par Ia prednisone, alors
que T était normal. Les concentrations d'hormone lutCinisante
étaient normales dans bus les groupes. FSH dtait augmentée
significativement dans les groupes I et II. Dans le groupe III la
FSH était normale chez 6 des 9 malades dont les créatininémies
etaient inférieures a 2 mgldl. Les concentrations FSH étaient
uniformément élevées chez les malades du groupe I-V de Tanner
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dont les créatininémies étaient supCneures a 2 mg/dl. Ces résul-
tats montrent que FSH est dlevée chez les malades atteints
d'insuffisance rénale chronique même dans Ia période prCpuber-
taire et au debut de l'adolescence. Cela peut traduire Ia lesion de
I' épithélium germinal avant I 'installation de Ia spermatogénése,
alors que Ia fonction leydiguienne semble rester intacte.
There is abundant evidence of functional impair-
ment of the pituitary-testicular axis in adult males
with chronic renal failure [1—4]. Low plasma testos-
terone (T) and dihydrotestosterone (DHT) [5], and
normal to elevated luteinizing hormone (LH) [6] in-
dicate a primary defect at the testicular level of
Leydig cell function [1, 4]. Elevated follicle-stimu-
lating hormone (FSH) values suggest an impairment
of spermatogenesis as well [1, 3].
The course of progressive deterioration in testic-
ular function is not altered by hemodialysis [7]. Suc-
cessful renal transplantation restores normal
plasma T and LH levels in most patients. Elevated
FSH levels have been reported to decrease to nor-
mal as sperm counts improved [3, 7-9].
Delayed bone age and pubertal maturation in chil-
dren with chronic renal failure have been described
[10, 11], but a detailed evaluation of their hormonal
status is not available. This study was therefore un-
dertaken to evaluate the pituitary-testicular axis in
boys with varying degrees of chronic renal failure
who were receiving a course of hemodialysis or had
undergone renal transplantation.
Methods
Patients. Thirty-one male adolescents of all pu-
bertal stages ranging in ages from 11.7 to 20 years
(mean age, 16 years) were studied. The patients
were divided into three groups: Group I consisted
of 9 patients with chronic renal insufficiency (CR1)
not undergoing dialysis (serum creatinine concen-
trations, between 2.5 and 8 mg/dl). Group II was
Table!. Clinical and laboratory data of all patientsa
purpura
6 Obstructive
uropathy
7 Obstructive
uropathy
8 Medullary
cystic
disease
9 Focal
segmental GS
10 Polycystic
disease
11 Lupus
nephritis
12 Medullary
cystic
disease
13 Polycystic
disease
14 Obstructive
uropathy
15 Focal
segmental GS
16 Obstructive
uropathy
17 Alport's
syndrome
18 Focal
segmental GS
19 Obstructive
uropathy
20 Focal
segmental GS
21 Oxalosis
22 Medullary
cystic
disease
23 Medullary
cystic
disease
24 Rapidly
progressive GN
25 Chronic GN
26 Chronic GN
27 Obstructive
uropathy
28 Rapidly
progressive GN
29 Polycystic
disease
30 Obstructive
uropathy
31 Obstructive
uropathy
17.0/16.7
15.5/20.0
17.0/16.1
17.0/17.5
18.0/18.5
170 117 117
63 48.6 91
139 52 193
427 109 491
212 63 357
2.4 12.4 8.6
3.2 18.0 1.0
3.0 8.0 3.1
2.4 13.0 ND
2.0 9.7 5.1
Patient Underlying
Bone age/
chronologic
age Creatinine
Time since
creatinine
>2mg/dl
Tanner
stage of ST SDHT SDHEA S4 SDS SLH SFSH
Urine
17-KS
no. disease yr mg/dl months puberty ng/dl ng/dl ng/dl ng/dl p.g/dl nglml ng/ml mg/day
1 Obstructive
uropathy
2 Obstructive
uropathy
3 Focal
segmental GS
4 Obstructive
uropathy
5 Henoch-
Schoenlein
Group!. Chronic renal insufficiency
8.0 53 V 416 ND
7.9 56 IV 237 26.0
6.0 23 V 520 39.0
3.5 57 V 429 39.0
2.5 19 IV 273 16.0
6.9 84 III 354 29.0
5.8 82 II 84 22.0
3.0 12 II 39 5.5
14.5/14.8
10. 5/13 .2
10.0/11.5
115 54 122 2.8 15.7 3.2
104 50 158 3.2 6.1 ND
172 47 235 3.2 7.5 ND
132 20 115 3.4 17.2 1.38.0/12.0 5.0 17 1 42 7.8
Group II. On chronic hemodialysis
15.5/19.8 9.9 72 IV 872 33.0
16.0/15.9 10.2 12 IV 495 42.0
18.0/19.4 10.3 13 IV 585 39.6
70 112
224 139
219 105
7 6.0 >50.0 anuric
40 4.5 11.0 anuric
381 1.6 11.9 5.4
13.5/14.8
10.0/12.9
10.0/14.5
12.5/14.2
15.0/16.7
14.5/15.3
12.0/11.8
17.0/19.3
16.0/19.1
17.0/18.1
10.2 17
10.7 2
9.7 31
9.5 24
8.0 25
12.0 78
8.3 10
Group III.
6.5 22
1.1 7
1.2 53
III 405 ND
II 211 18.0
II 4.5 2.0
II 264 24.0
III 300 20.2
III 755 36.0
I UD UD
Renal transplant
IV 338 15.5
IV 710 36.0V 683 40.0
128 52 180 5.0 17.9 17.8
70 40 102 3.0 15.3 anuric
25 45 UD 3.4 11.0 anuric
254 148 121 4.8 14.1 anuric
46 69 44 5.2 9.1 anuric
68 112 197 2.5 >50.0 anuric
76 38 197 3.4 10.6 anuric
67 29 158 4.3 25.0 4.4
26 42 8 3.6 25.0 7.3
66 61 95 2.6 10.3 9.1
20 28 25 5.1 24.8 4.516.0/18.6 5.2 45 IV 513 ND
14.0/12.9
17.0/18.9
12.5/15.0
10.0/13.7
17.0/19.3
15.5/18.8
15.0/17.5
10. 0/12 .6
2.0 4 III 2 UD
1.3 22 IV 491 40.0
2.0 35 II 7.5 2.4
0.7 69 II 307 39.0
3.2 53 IV 540 43.0
1.2 97 IV 842 39.0
1.2 35 V 376 38.0
0.8 15 I UD UD
33
ND
6.5
41
50
121
118
14
5 22 3.0 5.4 2.5
31 62 3.1 18.9 4.4
2 4 1.0 5.8 3.0
18 21 1.2 6.0 3.2
41 63 3.8 16.8 7.7
85 35 2.4 2.8 2.5
15 169 1.2 1.8 6.3
UD UD 1.4 1.8 8.0
I Abbreviations are: UD, undetectable; ND, not done; GS, glomerulosclerosis; UN, glomerulonephritis; T, testosterone; DHT, di-
hydrotestosterone; DHEA, dehydroepiandrosterone; M, 4-androstenedione; DS, dehydroepiandrosterone sulfate; LH, luteinizing
hormone; FSH, follicle-stimulating hormone; 17-KS, 17-ketosteroid.
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Table 2. Normal values for T, 4, DHEA, DS, DHT, T/DHT, and urinary 17-KS correlated with Tanner's stages of puberty in
adolescent males'
Tanner's stages of puberty
ST
ng/dl
SA4
ng/dl
SDHEA
ngldl
SDS
p.g/dl
SDHT
ng/dl
ST,DHT Urinary 17-KS
mg/day
I(>7years)
II
III
IV/V
10.7 13.8
(N = 28)
53.4 53.0
(N = 28)
239.9 97.0
(N 15)
545.0 278.5
(N 19)
19.4 14.5
(N 27)
42.8 22.7
(N = 30)
50.5 20.2
(N 15)
103.2 57.7
(N = 14)
124.7 108.4(N 22)
233.1 122.2(N 27)
220.1 110.2
(N = 12)
521.9 255.6
(N = 18)
88.9 41.9
(N = 26)
133.0 49.8(N 29)
156.8 84.2
(N = 21)
279.9 104.5
(N = 30)
1.3 0.7
(N = 18)
10.2 8.8
(N 16)
21.3 12.1
(N = 12)
46.7 17.3
(N = 24)
8.1
(N =
9.5
(N =
11.1
(N
6.2
14)
7.7
10)
17.3
16)
1.6 1.18
(N 40)
2.6 0.97(N = 36)
4.46 2.28
(N 10)
9.3 4.4(N = 16)
a Values are the means SD. Abbreviations are defined in Table 1.
comprised of 10 patients with CR1 undergoing
chronic hemodialysis. These youngsters were he-
modialyzed for 4 hours, three times a week for 2 to
78 months. Group III included 12 patients who had
undergone renal transplantation.
All patients in group III were receiving predni-
sone (0.2 mg/kg/day) and azathioprine (2 mg/kg/day)
maintenance therapy. Patients 9 and 20 (Table 1)
had been treated with a 3-month course of cyclo-
phosphamide (<180 mg/kg total dose in both 3.0
and 3.5 years, respectively, prior to this study).
Clinical and laboratory data are shown in Table 1.
Clinical and laboratory procedures. All patients
were evaluated at the Pediatric Renal Clinic of the
New York Hospital-Cornell Medical Center. Height
was measured with the Harpenden stadiometer and
plotted on growth curves provided by the National
Center for Health Statistics [12]. Bone age of the
hand and wrist was estimated according to the
method of Greulich and Pyle [13]. Pubertal status,
determined by genital and pubic hair development,
was staged according to Tanner [1411. Testicular
size was staged according to Prader [15]. Serum
Genital development stages are: Stage 1. Prepubertal. Stage
2. Scrotum and testes are slightly enlarged. The skin of the scro-
tum is reddened and changed in texture. There is little or no en-
largement of the penis at this stage. Stage 3. Penis is slightly
enlarged, at first mainly in length. Testes and scrotum are further
enlarged than they are in stage 2. Stage 4. Penis is further en-
larged, with growth in breadth and development of glans. Testes
and scrotum are further enlarged than in stage 3, scrotal skin is
darker than in earlier stages. Stage 5. Genitalia are adult in size
and shape. Pubic hair development stages are: Stage 1. Pre-
pubertal. The vellus over the pubes is not further developed than
that over the abdominal wall, i.e. red pubic hair. State 2. There is
sparse growth of long, slightly pigmented downy hair, straight or
slightly curled, chiefly at the base of the penis. Stage 3. The hair
is considerably darker, coarser and more curled. It spreads
sparsely over the junction of the pubes. Stage 4. Hair is now
adult in type but the area covered is still considerably smaller
than in the adult. There is no spread to the medial surface of the
thighs. Stage 5. The hair is adult in quantity and type of distribu-
tion.
creatinine concentration was determined by the
picric acid method [16], and serum testicular (tes-
tosterone, dihydrotestosterone) and adrenal andro-
gen levels (dehydroepiandrosterone [DHEA], dehy-
droepiandrosterone sulfate [DS], and z4-andro-
stenedione [4]) were determined by specific
radioimmunoassay [17]. Urinary 17-ketosteroid
(17KS) excretion was measured as previously de-
scribed [18]. Normal values are shown in Table 2.
The T/DHT ratio in the various Tanner stages of
puberty is given in Table 2. A normal ratio of T/
DHT was defined as <20.
Both FSH and LH were estimated by specific ra-
dioimmunoassay [19], the range of normal values
being I to 6 nglml for both FSH and LH in adoles-
cent males [20]. Although serum 4 was normal,
serum DHEA was decreased in 6 of 9 patients in
group I and 8 of 12 in group II. Serum DS levels
were decreased in 2 and 4 patients, respectively, of
these groups.
Results
Genital maturation and bone age were delayed
when compared with chronologic age in the major-
ity of patients. (Figs. I and 2). The 5 patients who
had progressed to Tanner's stage V had later onset
of renal failure and thus had reached adulthood with
minimal delay. Bone age showed a closer correla-
tion with genital development (Fig. 2). Of 11 pa-
tients at Tanner's stage IV, however, 8 had delayed
genital maturation relative to bone age. In all but 1
patient, (pt. 24, group III), serum testosterone con-
centrations were normal when correlated with pub-
ertal stage (Fig. 3 and Table 1). DHT concentration
in serum was normal for the degree of pubertal de-
velopment, and the mean T/DHT ratio was 13.1
(SD) 6. Three patients had T/DHT ratio slightly
above the normal range (20.9, 21.8, 21.5), and 2 of
these (pts. 20 and 9) had received cyclophospha-
mide in the past, whereas 1 patient (pt. 10) was
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clearly abnormal (26.4). Absolute T and DHT levels
were, however, still within or moderately above the
normal range in 8 patients and low in 1 patient (pt.
24). All androgens produced predominantly from
the adrenal gland (4, DHEA, and DS) were de-
creased in the 12 renal transplant patients on pred-
nisone maintenance therapy, but T remained nor-
mal (Fig. 3 and Table 1).
Urinary 17-KS excretion in the patients in whom
we could obtain 24-hour urine collection were in the
normal to low normal range (Fig. 3 and Table 1).
LH was normal in all three groups. In contrast,
FSH was increased in all patients in group I (12
[SD] 4.9) and group 11(20.1 16) (Fig. 4). In adoles-
cents who had undergone renal transplantation
(group III), the FSH level was normal in 6 out of 9
with serum creatinines <2 mg/dl (Fig. 5). FSH re-
mained elevated in 3 additional patients whose
serum creatinines were 6.5, 5.2, and 3.2 mg/dl after
renal transplantation (Fig. 5). The highest FSH lev-
els were found in group II adolescents after several
years of hemodialysis (Fig. 4).
Discussion
Retardation of statural growth and delayed sexual
maturation is a well-described feature of chronic
renal failure [10, 2111. The severity and duration of
renal failure correlates well with bone-age delay,
and thus adolescents who have not required dialysis
or transplantation (group I) show less of a delay in
bone age and sexual maturation than do patients on
hemodialysis (group H) or those recently under-
going renal transplantation (group III). As pre-
viously reported by Broyer et al [10], bone age cor-
relates better than does chronologic age with the at-
tained degree of sexual maturation. Of 11 patients at
Tanner's stage IV, however, 8 still had delayed sex-
ual maturation based on testicular size relative to
their bone age. Staging pubertal events by using on-
ly testicular size may be misleading in these pa-
tients. Atrophy of seminiferous tubular epithelium,
known to occur in chronic renal failure [3], may
lead to smaller testicular size [22].
Serum T levels were normal relative to pubertal
stage in all but 1 patient. DHT levels were normal as
well. The serum T/DHT ratio was clearly normal in
27 out of 28 patients, suggesting that 5a-reductase
activity was not impaired in our patient sample.
Previously reported data in adults with chronic re-
nal failure demonstrated T and DHT levels that
were reduced. These increased in a parallel fashion
when stimulated with human chorionic gonadotro-
19 1 so
a 15
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a
a,C0
0
13
0 .
0
11
0 •
rroup I
o Group U
• Group 111
7
0 7 9 11 13 15 17
Chronologic age, years
19 21
Fig. 1. Bone age (± SD) [15] versus chronologic age in the three
groups of patients studied with line of equality.
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•
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• 19±2so
20
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a
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0
120
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Group I20 Group II
Group LU
18 fx±2s0]
Il 111 IV V
Tanner stage of puberty
Fig. 2. Chronologic age and bone age versus degree of genital maturation (Tanner stage of puberty) (Adapted from Ref. 28). The mean
2 SD refers to the ages at which normal boys pass through the successive Tanner stages of puberty.
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20
E 10
(1)
A Group I
o Group 11
• Group III
* Undetectable
it SD
Jo
I
AID
Tanner stage of puberty
Fig. 3. Serum testosterone, (M) M-androstenedione dehy-
droepiandrosterone (DHEA), dehydroepiandrosterone sulfate
(DS), and urinary 17-ketosteroid (I7KS) in progressive stage of
puberty (Tanner stages).
pin in a few patients but remained unchanged in the
majority [5]. Our data suggests that (at least up to
the age of 20 years) Leydig cell impairment rarely
occurs. The functional reserve of Leydig cells has
not been tested in our patients. There is suggestive
evidence that the capacity of Leydig cells to re-
spond to human chorionic gonadotropin stimulation
is also impaired in adults with chronic renal failure
[1, 5]. Leydig cell damage may thus occur only in
the older patients or after many years of renal fail-
ure.
As expected, serum adrenal androgens (M,
DHEA, and DS) are lowered in posttransplant pa-
tients receiving glucocorticoids [23]. A surprising
finding was the clustering toward the lower range of
DHEA and DS levels in groups I and II. These find-
ings suggest a developmental delay of the adrenal
cortex in patients with chronic renal failure. Cope-
land, Paunier, and Sizonenko [24] suggested that
the low levels of adrenal androgens that they ob-
served in patients with idiopathic delayed puberty
might contribute to their delayed bone age and short
stature. Contrasting these findings with the well-
studied entity of premature adrenarche [17], where
early maturation of the adrenal cortex evidenced by
high adrenal androgens, tall stature, and advanced
bone age has been observed, suggests an important
•oj
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>50
40
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20
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5
0 12 24 36 48 60 72 84 96
Time, months
Fig. 4. Follicle-stimulating hormone (FSH) levels in groups I and
II as a function of duration of chronic renal failure after serum
creatinine >2 mg/dl or duration qfhemodialysis. Hatched area is
normal range for FSH.
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Fig. 5. FSH levels in group 111 as afisnction of time after renal
transplantation. Hatched area is normal range for FSH.
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role of adrenal androgens as one of the factors regu-
lating growth.
The abnormally low adrenal androgens (DHEA
and DS) and the operating hypothalamo-pituitary-
gonadal axis, as judged by the normal LH levels,
suggest that these two maturational events occur in-
dependently [24]. Conversely, it has also been sug-
gested that the maturation of the hypothalamo-pitu-
itary-gonadal axis may be related to the maturation
of the androgen-secreting zone of the adrenal cortex
[25]. In posttransplant patients, the lowering of
measured adrenal aridrogens with prednisone may
blunt the desirable posttransplant growth response.
Gonadotropins are usually elevated in adult
males with chronic renal failure. LH has been re-
ported to be elevated in adults, but not in adoles-
cents with chronic renal failure [11]. LH levels were
normal in all of our patients. Elevated FSH levels
have not previously been reported during early and
middle adolescence in males with chronic renal fail-
ure. FSH levels were uniformly elevated in patients
with creatinine concentrations >2 mg/dl no matter
what their stage of gonadal development in groups
I, II, and III. This appears to reflect damage to ger-
minal cell epithelium prior to the initiation of sper-
matogenesis. FSH levels have characteristically
been found to increase in patients with histologically
proven generalized damage to the seminiferous epi-
thelium [26, 27]. Elevated FSH levels in adolescents
with chronic renal failure at all pubertal stages sug-
gest that this tubular damage can occur at an early
stage of adolescence and perhaps even in prepuber.-
tal males. Hemodialysis does not improve this ab-
normality. In fact, the highest FSH levels were
found after several years of chronic hemodialysis.
Hagen et a! reported similar data (elevated levels of
FSH and almost normal levels of LH and testos-
terone) in adults on regular dialysis [28].
Data from the adult patients suggest that there is
an improvement in spermatogenesis and sperm
count after renal transplantation. Also noted is a re-
turn of FSH levels to normal. Thus, the semi-
niferous epithelium damage is considered revers-
ible. After successful renal transplantation, FSH
values were normal in two thirds of our patients.
Some of the FSH values returned promptly to nor-
mal, but others remained elevated for variable peri-
ods after transplantation. The trend was clearly for
FSH levels to return toward or to normal in adoles-
cents whose creatinine remained below 2 mg/dl fol-
lowing renal transplantation.
Summary. There is a delay in gonadal develop-
ment when related to chronologic age. Gonadal
androgens are not decreased when related to gonad-
al development in adolescent patients with chronic
renal failure. Osseus maturation is generally de-
layed in proportion to gonadal delay in early adoles-
cence. Damage to germinal cell epithelium in pa-
tients with chronic renal failure is reflected by ele-
vated FSH levels. This is present even in the
earliest stages of puberty.
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